Direct microscopic screening of blood cultures by Gram stain or methylene blue stain is time consuming and frequently insensitive. Therefore, we evaluated a fluorescent-staining procedure that uses acridine orange (AO) at pH 3.5 and compared it with the methylene blue and Gram stain procedures. All smears were prepared within 24 h of receiving the culture, fixed with methanol, and examined without the results of the companion smears being known. AO-stained smears were examined with incident-light fluorescence at 600x magnification and confirmed at 1,500x magnification. All bottles macroscopically positive within 24 h were excluded from the study. Of 2,946 cultures entered into the study, 204 (6.9%) were positive within 3 days. The sensitivity and specificity of AO based on these culture results were 52 and 98%, respectively, compared with 38% sensitivity and 99% specificity by methylene blue and Gram stains. The AO staining procedure is a simple, sensitive, screening technique for the early detection of positive blood cultures.
Many clinical microbiology laboratories do Gram-or methylene blue-stained smears of macroscopically negative blood cultures within 24 h of receipt. The value of the procedure is controversial (3, 16) . About 15% of all positive blood cultures in the laboratory at the University of Colorado Hospital are detected first microscopically, and therefore this technique is a routine part of the blood culture procedures. Recently, Kronvall and Myhre (10) reported that the fluorochrome acridine orange (AO) was capable of differentially staining bacteria and yeasts orange and human cells green or yellow if the pH was low. The purpose of this study was to compare the sensitivity, specificity, and predictive value of the AO staining technique with the staining procedure we routinely use, methylene blue (MB), and with the Gram stain, which is used in many laboratories for initial microscopic examination of macroscopically negative blood cultures.
(This paper was presented in part at the 80th 1978 through 1979, all blood cultures received in the laboratory during regular hours were evaluated by three staining techniques. All bottles were inoculated at the bedside of the patient with the appropriate ratio of blood to broth and brought to the laboratory for processing. A blood culture consisted of one to three bottles of the following media: 40 ml of supplemented peptone broth (SPB) with sodium polyanetholesulfonate (SPS) at a 1:5 ratio of blood to broth, 40 ml of SPB-SPS at a 1:5 ratio of blood to broth with 10% sucrose, 18 ml of SPB-SPS at a 1:2 ratio of blood to broth, 40 ml of Trypticase soy broth (TSB; BBL Microbiology Systems, Cockeysville, Md.)-SPS at a 1:5 ratio of blood to broth, 40 ml of TSB modified by the addition of gelatin and yeast extract (MOD-TSB-SPS) at a 1:5 ratio of blood to broth, and 18 ml of SPB-SPS at a 1:10 ratio of blood to broth, used for pediatric cultures (Becton Dickinson Vacutainer Systems, Rutherford, N.J.). Upon arrival in the laboratory, the tops of all bottles were disinfected with 2% tincture of iodine, vented to admit air, and incubated at 35°C. Each bottle was examined for turbidity twice daily for 7 days. Macroscopically negative bottles were examined by subculture and by the three staining techniques within 24 h of arrival in the laboratory. Bottles receiving less than 8 h of incubation were considered early subcultures and were stained and subcultured again the following day. All negative cultures were held for a total of 14 [se-negative results in Table 2 are a percentage of the positive cultures. ,occi accounted for the majority of Ltive smears and were evenly divided the coagulase-negative and -positive )verall, AO had fewer false-negatives er of the other methods. All falsesmears that were positive by anothei vere reexamined, and in almost all organisms were found after careful 'he majority of macroscopically negares were detected by the presence of vithin the next 24 to 48 h of incubation. there were 22 macroscopically negaes from 17 patients that were still pically negative on day 3 and were nly on the subculture plates inoculated ne time as the smear. This occurred ottles growing Pseudomonas aeruginthree patients, six bottles growing occus epidermidis from six patients, [es growing Haemophilus influenzae pediatric patients, two bottles growing es fragilis from one patient, and one h growing S. aureus, E. coli, Listeria genes, and Candida tropicalis from nts. ral, AO staining produced bright orrescing organisms, with the backiterial staining black to a dull yellow or Preen. Erythrocytes did not stain with 564 MIRRETT ET AL. J. CLIN. MICROBIOL.
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AO. The orange organisms on the contrasting background were aesthetically pleasing as well as easy to detect. This excellent contrast was not observed with MB stain or with gram-negative organisms stained by Gram stain. The media containing sucrose were slightly more difficult to read by all three techniques, although the AO stain may have been more affected by the sucrose since the lowest AO sensitivity (44%) occurred in this medium (Table 1 ). In addition, more material washed off the slide from the sucrose-containing media during the staining procedure. The background of AO-stained smears from TSB was more yellow than the background from SPB. Bottles of TSB required more careful examination to differentiate orange organisms, but this did not result in decreased sensitivity or difficulty in interpretation. Gramand MB-stained slides also were more difficult to read in TSB because of background debris.
DISCUSSION
Stained smears of macroscopically negative blood cultures detect as much as 23% of positive blood cultures (3). The microscopic examination of Gram-or MB-stained smears at 1,000x magnification is tedious and time consuming. The AO technique allows scanning at 600x magnification and confirming with oil immersion, thus speeding up the task with an overall increase in sensitivity.
AO, like other fluorochromes, is capable of emitting visible light when excited by UV light. This property and its ability at acid pH to stain DNA yellow and RNA orange (1, 2) have resulted in a variety of clinical microbiological uses, including the detection of malaria and other blood parasites (6, 8, 9, 15) , Neisseria gonorrhoeae and Trichomonas vaginalis in vaginal secretions (4, 5, 12, 14) , and a variety of organisms in body fluids (11) . Kronvall (13) . We also confirmed the presence of nonviable contaminants in the blood culture media noted in their report. Therefore, we now screen all blood culture media by AO before use. Rechecking blood culture media for nonviable organisms and confirming all positive AO slides with a repeat smear by Gram stain has virtually eliminated problems due to false-positive smears.
The substitution of AO stain for the 24-h blind subculture is not fully supported by our data. Four bottles containing H. influenzae from two pediatric patients were only found by subculture at 24 h. Also, one isolate of C. tropicalis first appeared on the 24-h subculture plate. These organisms frequently do not produce turbidity in blood culture broth. They probably would not have been detected until the terminal subculture was performed. Sixteen additional organisms found by subculture would probably have become macroscopically positive if the incubation continued, but the lack of a subculture would delay detection by at least 1 day. Based on these findings, we are not willing to discontinue the blind subculture technique.
A wide range of organisms are not detected by all three staining techniques, but in every case the bottles were either positive macroscopically or positive by subculture ( Table 2 ). The reasons for the false negative smears most likely relate to the size of the initial inoculum and the duration of incubation before the preparation of the smear. The presence of at least 104 organisms per ml is required before detection is possible (11, 13) . Of the 16 positive culture bottles described as early subcultures (i.e., less than 8 h of incubation at the time of smear preparation), 9 bottles were positive by AO, 6 were positive by MB, and 6 were positive by Gram stain. Of the additional three positive culture bottles detected by AO, one was S. epidermidis and two were H.
influenzae. This observation further supports the suggestion that AO can detect fewer organisms.
Based on our results, we have discontinued the routine MB-stained smear and now examine all blood culture bottles by AO within 24 h and confirm all AO-positive smears by Gram stain or subculture before reporting them to physicians.
We conclude that AO staining of macroscopically negative blood culture bottles is an accurate and sensitive technique for the early detection of bacteremia.
